PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 1 1 -068254 

(43)Date of publication of application : 09.03.1 999 



(51)Int.CI. 




H01S 3/18 
G02B 6/42 
H01L 21/56 
H01L 23/28 




(21 Application number : 


09-228073 


(71)Applicant : 


HITACHI LTD 


(22)Date of filing : 


25.08.1997 


(72)Inventor : 


ISHD TOSHIAKI 








EGUCHI KUNIYUKI 








FUKUDA KAZUYUKI 








MIURA TO SHIM AS A 








YOSHIDA KOJI 








TAKAHASHI SHOICHI 



(54) OPTICAL MODULE AND MANUFACTURE OF OPTICAL MODULE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical module provided 
with superior optical coupling property and package moldability. 
SOLUTION: For this optical module 31, a silicon substrate 17, on 
which highly accurately optically coupled laser diode 19 and optical 
fiber 6 are fixed and mounted and a lead frame 22 for holding the 
silicon substrate 17, are integrally packaged by a sealing body 14, 
composed of the hardened object of thermosetting liquid resin for 
injection molding and provided with the fiber projection part 14a of a 
fillet form formed by surrounding the periphery of the substrate root 
part of the optical fiber 6, whose one part is extended from the 
silicon substrate 17. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An optical module characterized by providing the following An OPTO semiconductor device which 
carried out optical coupling, and a substrate which laid an optical fiber It is the fiber lobe of a fillet gestalt 
which is the optical module which formed a supporter holding this substrate in one with a closure object, 
and enclosed and formed the surroundings like substrate root headquarters of said optical fiber with which 
said closure object consisted of a hardened material of thermosetting liquefied resin for injection molding, 
and some of closure objects concerned have extended from said substrate. 

[Claim 2] An optical module characterized by having an elastic body which carried out hardening formation 
in claim 1 from the quality of the material which has a hardening degree-ofHiardness property softer than 
a hardening degree of hardness of said closure object in piles in the upper part of said fiber lobe. 
[Claim 3] It is the optical module characterized by to be the optical module which packageHzes in one an 
OPTO semiconductor device which carried out optical coupling, a substrate which laid an optical fiber, and 
a supporter holding this substrate with a closure object, for said supporter to consist of a copper polyimide 
wiring substrate in which a three way type or a four-way-type dam was formed, and for said closure object 
to consist of transparent liquefied thermosetting property silicone resin which carried out **** stop **** 
impregnation hardening by said three way type or said four-way-type dam. 

[Claim 4] It is the optical module which packageHzes in one an OPTO semiconductor device which carried 
out optical coupling, a substrate which laid an optical fiber, and a supporter holding this substrate with a 
closure object. Said supporter It consists of a copper polyimide wiring substrate in which a three way type 
or a four-way-type dam was formed. Said closure object the 1st closure object which carried out 
impregnation hardening of the transparence fixed object for said optical coupling portion — this — while 
covering the 1 st closure object — said three way type or said four-way-type dam — **** stop **** — it 
needs — an optical module characterized by consisting of a double closure object with the 2nd closure 
object which carried out impregnation hardening of the thermosetting liquefied resin. 
[Claim 5] A supporter holding an OPTO semiconductor device which carried out optical coupling, and a 
substrate which laid an optical fiber It clamps with metal mold which has an inlet which is carrying out 
atmospheric-air disconnection toward above, inserting said optical fiber which has extended from said 
substrate without touching the outside-surface perimeter like substrate root headquarters of the optical 
fiber concerned. A manufacture method of an optical module characterized by fabricating thermosetting 
liquefied resin with which it was filled up from said inlet as a closure object which closes said substrate and 
said supporter in one. 

[Claim 6] A supporter holding an OPTO semiconductor device which carried out optical coupling, and a 
substrate which laid an optical fiber It clamps with metal mold which has an inlet which is carrying out 
atmospheric-air disconnection toward above, inserting said optical fiber which has extended from said 
substrate without touching the outside-surface perimeter like substrate root headquarters of the optical 
fiber concerned. It is previously filled up with thermosetting liquefied resin from said inlet, and at least said 
substrate root headquarters fills up near with elastic resin which has a hardening degree-ofHiardness 
property softer than a hardening degree of hardness of said thermosetting liquefied resin afterwards. A 
manufacture method of an optical module characterized by carrying out hardening shaping by using said 



* elastic resin as an elastic body at coincidence as a closure object which closes said substrate and said 
supporter for said thermosetting liquefied resin in one. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to an optical module and its 

manufacture method. 

[0002] 

[Description of the Prior Art] If it is in the optical module which has the OPTO semiconductor device and 
optical fiber of the conventional technology, what carries out packaging (closure) by the hermetic-sealing 
method using the case of a metallic material or a ceramic material is in use. Since these are the packaging 
by hermetic sealing, they are excellent in long-term reliability. However, production processes, such as the 
necessity of processing a metal and the case of a ceramic into high degree of accuracy, and taking 
adjustment to the optical coupling of laser diode and an optical fiber to closure assembly, were complicated 
For this reason, mass-production nature was low and the optical module had become high cost 
[0003] On the other hand, the closure technology of using a resin material as a packaging member for low- 

p°! M Zm , g Q f^? 0 0P l Cal m ° dU,e iS kn ° Wn - F ° r 6Xample ' * iS the dual inline 0 acka S e < DIP > of 16-pin to a U S 
Pat. No. 491 1 51 9 official report. It holds in the plastics frame to which the mold of the optical modular 

component was carried out, and the technology covered with the metal lid is indicated. Moreover the light- 
transforming element and integrated circuit which consist of a light emitting device and a photo detector 
are installed on a leadframe, mold closure is carried out by transparence resin, such as an epoxy resin and 

^7«n ^ S int ° ° PtiCal ° PaqUe h ° USing after that ' and is P asted "P is in^cated by JP 57- 

17 7580 A With th,s indication technology, it is a problem that it is difficult to take optical coupling for every 
element. Furthermore, the technology of the duplex mold closure method it is told to JP 61-3108 A and 
JP.7 1 93262.A that the mold of the transparence resin is carried out on the leadframe which has an OPTO 
semiconductor device, and carries out mold by transparence resin on it is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, beforehand, the mold of the plastic material and the 
leadframe of the above-mentioned conventional technology is carried out. they are put on a case mold and 
it becomes a technical problem how the long-term reliability of a case material joint is secured by the case 
method which carries OPTO semiconductor device components in this serially. Moreover, by the duplex 
mold method, since the duplex closure is carried out in order to realize optical coupling of an OPTO 
semiconductor device and an optical fiber with a sufficient precision, and since two kinds of metal mold for 

tZZiVV dUPl6X C '° SUre iS required ' 3 technical P r °blem is in the point that cost becomes high 
[0005] Furthermore, although reliability improves rather than a case method over a long period of time by 
the method which carries out the mold of the OPTO semiconductor device entire component since it is a 
whole mold closure type without the seal portion of a package (1 ) by the clamp by the metal mold at the 
t.me of carrying out the mold of the member by which (2) optical fibers etc. were carried in thermolysis of 
an OPTO semiconductor device, or fluid of mold resin The technical problem which should be solved at the 
po.nt that the optical coupling relation adjusted to the predetermined precision of an OPTO semiconductor 
dev,ce and an optical fiber shifts occurs. It is possible that the golden wire which a substrate will displace if 
these clamp force and fluid force become large, or has connected the electric wiring portion and leadframe 
of a substrate electrically is disconnected etc. Furthermore, when displacement is large, there is a 



possibility that the desorption from optical fiber supporter material, such as failure of an optical fiber and a 
substrate, etc. may arise. 

[0006] Therefore, the purpose of this invention is the optical module of the plastics closure form which 
leads to low cost, and is to offer the manufacture method of the optical module which has the outstanding 
optical coupling nature and a package moldability. and was excellent in mass-production nature, and an 
optical module. Moreover, other purposes have reservation of the optical coupling nature of an OPTO 
semiconductor device, and improvement in thermolysis nature in offering the optical module planned by 
coincidence. 
[0007] 

[Means for Solving the Problem] An OPTO semiconductor device to which optical coupling of the feature 
of an optical module by this invention was carried out. and a substrate which laid an optical fiber. It is the 
optical module which formed a supporter holding this substrate in one with a closure object. Said closure 
object It consists of a hardened material of thermosetting liquefied resin for injection molding, and is in 
having a fiber lobe of a fillet gestalt which enclosed and formed the surroundings like substrate root 
headquarters of said optical fiber with which some of closure objects concerned have extended from said 
substrate. 

[0008] Moreover, other features of an optical module are optical modules which package-ize in one an 
OPTO semiconductor device which carried out optical coupling, a substrate which laid an optical fiber, and 
a supporter holding this substrate with a closure object, said supporter consists of a copper polyimide 
wiring substrate inwhich a three way type or a four-way-type dam was formed, and said closure object is 
in a place which consists of transparent liquefied thermosetting-property silicone resin which carried out 
**** stop **** impregnation hardening by said three way type or said four-way-type dam. 
[0009] Furthermore, an OPTO semiconductor device to which optical coupling of another feature was 
carried out and a substrate which laid an optical fiber, It is the optical module which package-izes a 
supporter holding this substrate in one with a closure object. Said supporter It consists of a copper 
polyimide wiring substrate in which a three way type or a four-way-type dam was formed. Said closure 
object the 1st closure object which carried out impregnation hardening of said optical coupling portion with 
a transparence fixed object — this — while covering the 1st closure object — said three way type or said 
four-way-type dam — **** stop **** — it needs, while it is in a point which consists of a double closure 
object with the 2nd closure object which carried out impregnation hardening of the thermosetting liquefied 
resin A manufacture method of an optical module by this invention which attains the above-mentioned 
purpose A supporter holding an OPTO semiconductor device which carried out optical coupling, and a 
substrate which laid an optical fiber It clamps with metal mold which has an inlet which is carrying out 
atmospheric-air disconnection toward above, inserting said optical fiber which has extended from said 
substrate without touching the outside-surface perimeter like substrate root headquarters of the optical 
fiber concerned. It is previously filled up with thermosetting liquefied resin from said inlet, and at least said 
substrate root headquarters fills up near with elastic resin which has a hardening degree-of-hardness 
property softer than a hardening degree of hardness of said thermosetting liquefied resin afterwards. As a 
closure object which closes said substrate and said supporter for said thermosetting liquefied resin in one, 
hardening shaping is carried out by using said elastic resin as an elastic body at coincidence. 
[0010] According to this invention, since a closure object is poured in and fabricated, an optical module of 
a plastics closure form which leads to optical coupling nature which deviation of optical coupling of 
predetermined precision of an OPTO semiconductor device and an optical fiber which carried out fixing 
installation beforehand was avoided by substrate, and was excellent in it. and low cost is obtained. 
Moreover, since a thermally conductive big copper polyimide wiring substrate which has a dam (weir) of 
impregnation lappet prevention is adopted and the injection molding of the closure object is carried out. 
improvement in thermolysis nature and reservation of optical coupling nature are compatible 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring to 
a drawing. First, the optical module of the 1st example as a gestalt of the first operation by this invention is 



explained to coincidence with reference to drawing 1 - drawing 5 . In drawing 1 the optical module 31 of 
the 1st example The silicon substrate 17 as a substrate which holds the wiring layer 1 1 which laid the laser 
diode 1 9 grade and optical fiber 6 as an OPTO semiconductor device (that is, optical coupling was carried 
out) which were made to fix by the optical coupling of predetermined dimensional accuracy, and was 
formed in the outside surface. The leadframe 22 as a supporter which forms the lead electrode 1 5 by which 
electrical connection is carried out to an OPTO semiconductor device, and holds this silicon substrate 1 7 
It is the configuration formed in one with the closure object 14 which has fiber lobe 14a of the fillet gestalt 
which enclosed and formed the surroundings like the substrate root headquarters of the portion which the 
optical fiber 6 with which a part of the closure object has extended from the silicon substrate 1 7 projected. 
[0012] Furthermore, supplementary information is carried out from the manufacture method about the 
optical module 31 of the 1st example. In addition, an OPTO semiconductor device is called a light corpuscle 
child for short below. In drawing 2 , the silicon substrate 17 which has shallow V groove 17a of the shape of 
a V type to lay an optical fiber 6 and deep V groove 1 7b is obtained by the anisotropic etching of the 
silicon which is a known method, and formation of the wiring layer 1 1 by sputtering. V groove obtained by 
the anisotropic etching of this silicon, In order to carry out alignment (namely, optical coupling) of the 
optical coupling shaft of an optical fiber 6 (optical fiber strand 6a), and the shaft for a light-emitting part of 
the laser diode 19 grade as a light corpuscle child to high degree of accuracy, according to the size of an 
optical fiber, it is adjusted to the depth size of predetermined relation. These are known methods called the 
so-called passive alignment method. 

[0013] At this example, it is the laser diode as a light corpuscle child etc. (generally, although represented 
with laser diode 1 9. you may be laser diode 1 9 and a photodiode 20), The solder layer 1 6 for fixing to the 
position on the silicon substrate 1 7 which has a V groove, and taking an electric flow is formed. It is 
desirable to form the solder layer 1 6 on a silicon substrate 1 7 from the point of manufacture. The solder 
layer 16 has the desirable alloy solder of a point to gold and tin, such as reflow temperature, and it is 
suitable for it to carry out a coat to the light corpuscle child loading portion on a silicon substrate 17 by 
sputtering. Loading of a up to [ a light corpuscle child's silicon substrate 1 7 ] carries out alignment of the 
light corpuscle child to the predetermined location on a silicon substrate 1 7 with high degree of accuracy, 
dissolves the solder layer 16 in part with heating under nitrogen gas, performs temporary sticking by 
pressure, after that, it extracts a load, heat-treats further, dissolves the solder layer 16, and is completed. 
[0014] Then, the silicon substrate 17 in which the light corpuscle child was carried is pasted up through the 
die attachment 23 on a leadframe 22. Although what kind of thing is sufficient as it as long as the die 
attachment 23 is used for semiconductor processes, what has high thermal conductivity is desirable in 
respect of thermolysis nature. Since an optical fiber 6 is arranged to the V groove on a silicon substrate 1 7 
and optical fiber strand 6a and jacket section 6b are fixed to a V groove, potting of the fixed object 26 is 
carried out. and it is hardened. Because of compaction of hardening process time amount, it is desirable as 
a fixed object 26 to use the liquid glue of an ultraviolet curing mold. Since the output of the optical module 
after mounting is influenced greatly, it is highly precise and it necessary to perform alignment of the 
direction of an optical axis of the optical fiber 6 at this time. 

[0015] next, a light corpuscle child and a wiring layer 11 (silicon substrate wiring section) — bonding 
connection of the electrical connection between a wiring layer 1 1 and a leadframe 22 is further carried out 
with the golden wire 24. Moreover, using the transparence resin as a transparence fixed object 27. potting 
of the optical coupling portion between a light corpuscle child and an optical fiber is carried out. hardening 
immobilization is carried out and it is protected. The silicone resin the deterioration to outgoing radiation 
light excels [ silicone resin ] in reliability few as this transparence resin over a long period of time to 
outgoing radiation light of laser diode, such as acrylate resin, an epoxy resin, and silicone resin, although 
what kind of thing may be used as long as it is transparent resin is suitable. Thus, the optical module 
member 28 is manufactured. 

[0016] Next, as shown in drawing 3 and drawing 4 , the optical module member 28 is equipped with and 
packed to the metal mold 1 and 2 (namely, casting) for injection molding with which a cavity 7 is formed in 
one side and the cavity 28 is formed in the other side, and closure shaping of an optical module is carried 



■ out: That is, in drawing, the optical module member 28 is allotted between the cavity 7 of metal mold 1 and 
2, and 8, A mold is bound tight with a bolt etc. using bolthole 5for metal mold conclusion a, and b. c and d, 
and the leadframe 22 of the optical module member 28 is clamped. In addition, as long as it fixes a 
leadframe 22 with metal mold 1 and metal mold 2, the metal mold conclusion method may be what kind of 
gestalt. 

[001 7] And if the optical module member 28 is in the condition of having been clamped by metal mold 1 and 
2, by the leadframe 22. an optical fiber 6 is in the condition projected from the inlet 4 of atmospheric-air 
disconnection suitable for above [ which is formed with metal mold 1 and 2 ], and the perimeter of an 
outside surface like the substrate root headquarters of an optical fiber 6 is in the condition of not coming 
into contact with directly to metal mold 1 and metal mold 2. namely, the optical fiber 6 — the extension 
direction — the upper part — turning — jacket section 6b of an optical fiber 6 — the aperture of an inlet 
4 — as it is mostly arranged in the center, the optical module member 28 will be set to metal mold 1 and 2. 
[0018] If it puts in another way, will turn a part for the toe wall of an optical fiber 6 to the upper part, and 
the optical module member 28 (refer to drawing 3 ) will be allotted to metal mold 1 and 2 (refer to drawing 
3 and drawing 4 ). The leadframe 22 holding a silicon substrate 1 7 is clamped with metal mold 1 and 2. 
From the inlet 4 (refer to drawing 4 ) currently formed in the state of atmospheric-air disconnection by this 
metal mold 1 and 2 It is filled up with the thermosetting liquefied resin (or thermosetting liquefied resin 
constituent) formed as a closure object 14. It is in carrying out hardening shaping of fiber lobe 14a 
(referring to drawing 1 ) of a fillet gestalt and closure object 14 the very thing in which enclosed the 
surroundings like the substrate root headquarters of the optical fiber 6 which has extended from the silicon 
substrate 17 ( which prolongs and protrudes), and some of closure objects 14 concerned carried out 
ejection formation. And finally, as shown in drawing 5 , cutting deletion of the garbage of a leadframe 22 is 
carried out, finally the lead electrode 15 is formed, and the optical module 31 shown in drawing 1 is 
completed. 

[0019] The inlet 4 formed with metal mold 1 and metal mold 2 has the feature of the injection molding using 
the casting by this invention in the condition of carrying out atmospheric-air disconnection. Therefore, the 
perimeter of jacket section 6b of (the neighborhood part to include) covers the perimeter, at least the 
substrate root headquarters of the optical fiber 6 which has extended is in the condition that metal mold 1 
and 2 cannot be touched directly, and the optical fiber 6 which has extended from the substrate origin of a 
silicon substrate 1 7. and is arranged in an inlet 4 has it in the condition of being arranged in the center of 
the inlet 4 which is carrying out atmospheric-air disconnection. And it is in the place where impregnation 
restoration is carried out into a cavity 7 and 8 at as the thermosetting liquefied resin by which hardening 
formation is carried out as a closure object 14 buries a part of lower part of this inlet 4 to the inlet 4 at, 
heat hardening of predetermined time is performed at. and one closure shaping with the silicon substrate 
17 as a substrate and the leadframe 22 as a supporter is performed. 

[0020] Here, supplementary information is carried out about above-mentioned fiber lobe 14a. In order to 
maintain the optical coupling relation of the high degree of accuracy of the OPTO semiconductor device 
and optical fiber which carried out fixing installation and which were formed in the substrate with the 
predetermined size, it is important to give external force to neither an OPTO semiconductor device nor an 
optical fiber at the time of shaping. That is, if it is the case of the injection molding using casting, since 
external force will not be given to an optical fiber, it is necessary to prevent from touching casting at the 
perimeter at an optical fiber (jacket section), therefore, the surroundings of an optical fiber are carrying out 
atmospheric-air disconnection — if it puts in another way. an atmospheric-air hole will be in the 
surroundings of an optical fiber. 

[0021] On the other hand, since there is an inlet in casting and the inlet is generally also carrying out 
atmospheric-air disconnection, it is effective to use an inlet also [ hole / above-mentioned / atmospheric- 
air ]. Of course, compared with the case where it is made to serve a double purpose although there is also 
a configuration which prepares an inlet and an atmospheric-air hole according to an individual, it is 
disadvantageous. Consequently, casting will have the inlet which is carrying out atmospheric-air 
disconnection toward above so that the sealing agent poured in before hardening hangs down and may not 



fall. Without turning upward the optical fiber which has extended from the substrate according to this inlet, 
and making casting touched with the perimeter of an outside surface of the jacket section like the 
substrate root headquarters of an optical fiber, so that the jacket section may be inserted in the 
abbreviation mid gear of an inlet An optical fiber will be held with a fixture etc. 
[0022] By the way, generally it is poured in from the inlet which is carrying out atmospheric-air 
disconnection, and a fillet (gestalt) arises on the surface of the closure object which consists of 
thermosetting liquefied resin touched and hardened to atmospheric air. This fillet is the name of the 
surface gestalt produced by natural contraction (hardening condition of not receiving external force) in 
case thermosetting liquefied resin hardens by the radical of atmospheric pressure, it is influenced by the 
tension according to the compatibility in an interface with thermosetting liquefied resin, metal mold, or the 
jacket section, rises depending on the main fake ****** surface and the case, and is presenting the 
surface. 

[0023] Drawing 14 (a) shows the fillet gestalt of the **** going-down surface, and the surface of this 
hardened material is formed rather than AA' line as the bottom of lower part (anti-extension direction of 
optical fiber) ****** as the cross section by the AA'BB' plane of the hardened material of thermosetting 
liquefied resin shows, moreover, drawing 14 (b) rises and is a surface fillet gestalt similarly it sets in the 
cross section of an AA'BB" plane — the surface of this hardened material — AA' — rather than the line, it 
rises up (the extension direction of an optical fiber), and is formed. In addition. AA' point is made into two 
points of the interface of the optical fiber Gacket section) and this hardened material as a closure object in 
the outside surface of the optical module by which the injection molding was carried out. and BB' point is 
made into two points of the arbitration spread in the anti-extension direction of an optical fiber from AA' 
point. In addition, if it is understood as BB' point being the shoulder of a closure object, it can be said that 
it is intelligible. By the way, by thermosetting liquefied resin, such as an epoxy resin adopted by this 
example, acrylate resin, and silicone resin, since compatibility with metal mold or the jacket section is 
comparatively good, the **** going-down surface is presented. 

[0024] And since the thermosetting liquefied resin poured in from the inlet is generally poured in until it fills 
cavities 7 and 8. it will be in the condition of also filling the lower part of the inlet 4 of small aperture. 
Consequently, when thermosetting liquefied resin is hardened and the closure object 14 as a hardened 
material is fabricated, in the part as some closure objects applicable to an inlet, the fiber lobe of the fillet 
gestalt which enclosed the surroundings like the substrate root headquarters of an optical fiber 6 (jacket 
section 6b), and carried out ejection hardening will be formed. 

[0025] A fillet is formed in the part dented from the closure object main part, if there is no necessity which 
must be changed into the condition of also filling an inlet, at this time, and it is in the part applicable to the 
inlet as some above-mentioned closure objects when not filling. It is understood as the fiber lobe which 
explains it in this invention although some of these indented closure objects of a fillet gestalt cannot be 
said to be desirable since the appearance configuration of a product is spoiled including the fiber lobe of 
the fillet gestalt formed in the part applicable to an inlet by denting. Anyway, it can be said that that the 
fillet by natural contraction arises is the proof which secures the optical coupling relation of predetermined 
precision, without adding the external force from metal mold. 

[0026] Therefore, the closure object 14 which consists of a thermosetting liquefied resin constituent will 
have fiber lobe 14a of the fillet gestalt which enclosed and formed the surroundings like the substrate root 
headquarters of the optical fiber 6 with which these some closure objects have extended from the silicon 
substrate 17 by performing closure shaping in such the condition. Since it has fiber lobe 14a of a fillet 
gestalt. the stress concerning the optical coupling portion between both optical fiber 6 which carried out 
fixing installation due to optical coupling size high degree of accuracy, and laser diode 19 becomes very 
small. For this reason, location gap (damage) of the optical coupling portion by the metal mold clamp stress 
or the resin fluid pressure at the time of mold shaping conventionally generated by the transfermold 
method etc. does not take place. Moreover, the golden wire by the resin fluid pressure, fluctuation of 
internal transparence resin, etc. will be avoided, and the optical module which has good optical coupling 
nature will be mass-produced. Moreover, since the optical module by this invention has covered a 



■ substrate and the whole optical coupling portion with the thermosetting resin constituent, it does not have 
a seal portion and will be excellent in respect of mechanical reinforcement or thermolysis nature. 
[0027] In addition, before the hardening production process of closure shaping, in order to remove the void 
in the thermosetting liquefied resin constituent in metal mold, deaerating by a vacuum chamber etc. is 
desirable. As long as hardening of a thermosetting subsequent liquefied resin constituent invests the whole 
metal mold in heating furnaces, such as a thermostat, and performs predetermined time heat-treatment 
and also it is the method of making the metal mold itself heating and hardening the method and the 
thermosetting liquefied resin constituent using what built in the heating heater, it may be what kind of 
method. Desirably, the method of supplying to a heating furnace and the method of heating metal mold 
directly with an electric heater or a hot plate are good. 

[0028] By the way, in this invention, since an optical fiber 6 serves as structure projected to the upper part 
of metal mold like drawing 1 , the configuration which holds an optical fiber 6 using a fixture, pulls jacket 
section 6b by low tension upwards, and places it is desirable so that the amount of [ of an optical fiber 6 ] 
toe wall may not touch the surrounding metal mold 1 and 2. Since this does not affect the optical coupling 
relation of the high degree of accuracy of an OPTO semiconductor device and an optical fiber, it is also for 
preventing deterioration of jacket section 6b which approaches metal mold in the curing temperature of a 
thermosetting liquefied resin constituent. However, in the thermal resistance of jacket section 6b, when a 
thing high enough is selected compared with curing temperature, even if metal mold and the jacket section 
should come into contact with directly, about this point, it is satisfactory. 

[0029] Next, the gestalt of the second and operation of the third of the optical module by this invention is 
explained. Drawing 6 is drawing showing the optical module of the 2nd example by this invention, and the 
3rd example. Drawing 7 is drawing showing the optical module base of the 2nd example by this invention, 
and the 3rd example. In drawing 6 the optical module 32 of the 2nd example and the 3rd example In order 
to prevent a crease of the optical fiber 6 generated near the fiber lobe 14a formed in the portion which the 
optical fiber 6 projected from the main part of the closure object 14 etc., It is the configuration which 
consisted of the quality of the material which has a hardening degree-of^hardness property softer than the 
degree of hardness which the closure object 14 hardened, and formed the elastomer 13 as an elastic body 
in the upper part of fiber lobe 14a in piles. 

[0030] Here, the elastomer 13 as an above-mentioned elastic body is explained. In the optical module 31 of 
the 1st example, when the optical fiber 6 which is sticking out further from fiber lobe 14a is bent, it is the 
origin of fiber lobe 14a, and there is a possibility that an optical fiber 6 may carry out OFF disadvantage. 
This reason is because it does not succeed in stress absorption when fiber lobe 14a is too hard and an 
optical fiber 6 is bent in fiber lobe 14a. Therefore, it absorbs by the elastomer 13 which has a hardening 
degree-ofHwdness property softer than the hardening degree of hardness of the closure object 14 for 
stress when an optical fiber 6 is bent, namely, was formed from the elastic material which has elasticity, 
and **** in the origin of fiber lobe 14a of an optical fiber 6 is avoided. 

[0031] Therefore, the feature of the optical module 32 of the 2nd example by this invention The silicon 
substrate 17 which carried out fixing installation of the optical fiber 6 by which optical coupling is carried 
out to laser diode 19 grade and this laser diode 19 grade with the fixed object 26 due to a predetermined 
optical coupling size precision, and formed the wiring layer 1 1 , It is the optical module with which the 
closure of the leadframe 22 which electrical connection is carried out to laser diode 1 9 grade, and holds a 
silicon substrate 17 is carried out. The optical coupling portion between laser diode 19 grade and an optical 
fiber 6 is covered with the transparent transparent body 27 to the outgoing radiation light of laser diode 19 
grade. And closure shaping by the thermosetting liquefied resin constituent as a closure object 14 The 
casting metal mold which has the inlet 4 which was allotted to the upper part for a toe wall of an optical 
fiber 6, and which is carrying out atmospheric-air disconnection is used. It is carried out by filling up with 
and hardening a thermosetting liquefied resin constituent from this inlet 4, and the closure object 14 and 
fiber lobe 14a are formed, and after that, thermosetting silicone resin is further filled up with and hardened 
from an inlet 4, and it is in the place which comes to form an elastomer 13. 

[0032] It is also possible to pour in the thermosetting silicone resin which is in the condition of as it is not 



hardening, and is further formed as an elastomer 13 on the other hand after pouring in the thermosetting 
liquefied resin constituent as a closure object 14, and to carry out hardening shaping of the closure object 
14, fiber lobe 14a, and the elastomer 13 at coincidence. An adhesive property with the elastomer 13 which 
consists of a closure object 14 which avoids and looks like [ the above-mentioned coincidence ] **** in 
the origin of fiber lobe 14a of an optical fiber 6 when carrying out hardening shaping, in addition consists of 
a thermosetting liquefied resin constituent, and thermosetting silicone resin becomes good, and it becomes 
advantageous in respect of compaction of the setting time. 

[0033] Therefore, the feature of the optical module 32 of the 3rd example by this invention The optical 
fiber 6 by which optical coupling is carried out to the laser diode 19 grade and light corpuscle child as a 
light corpuscle child, The silicon substrate 17 in which an optical fiber is laid due to a predetermined optical 
coupling size precision with a light corpuscle child, It is the optical module with which the closure of a part 
of leadframe 22 by which electrical connection is.carried out to a light corpuscle child, and a light 
corpuscle child, a silicon substrate and a leadframe is carried out. The optical coupling portion between a 
light corpuscle child and an optical fiber is covered with a transparent resin constituent (transparent body 
27) to a light corpuscle child's outgoing radiation light. And closure shaping by the thermosetting liquefied 
resin constituent as a closure object 14 After being filled up with a thermosetting liquefied resin 
constituent using the casting metal mold which allotted a part for the toe wall of an optical fiber to the 
upper part from the inlet 4 located in a part for the optical fiber toe wall of this casting metal mold It is 
further filled up with thermosetting silicone resin oh the oil level of a thermosetting liquefied resin 
constituent, it is carried out by hardening a thermosetting liquefied resin constituent and thermosetting 
silicone resin, and is in the place which comes to form the closure object 14, fiber lobe 14a, and an 
elastomer 13 in coincidence. 

[0034] As long as the thermosetting liquefied resin constituent as a closure object 14 used by this 
invention is used as the thing used for the semiconductor closures, or liquefied structural adhesive, what 
kind of thing is sufficient as it. An inorganic filler is contained so much for the reduction in thermal stress 
after hardening, and it is desirable that it is low thermal expansion. As base resin (namely, thermosetting 
liquefied resin) of a thermosetting liquefied resin constituent, the epoxy resin with good fluidity and 
electrical property is suitable. On the other hand, when an epoxy resin is adopted as a closure object 14, 
for example, the thermosetting silicone resin of an elastomer 13 is desirable as the quality of the material 
which has a hardening degree-oMiardness property softer than the degree of hardness which the epoxy 
resin hardened. 

[0035] Moreover, 42 iron-nickel alloy ******** 42 alloy used with the plastic molded type semiconductor 
device or copper can be used for the leadframe 22 used by this invention. For the reason on the 
thermolysis disposition of an optical semiconductor device, the leadframe using the high copper of heat 
conduction is suitable. Furthermore, it is processed by bending with lead trimming after that, and the 
optical modules 31 and 32 as shown in drawing 1 and drawing 6 are obtained from the optical module bases 
29 and 30 (package base) shown in drawing 5 which the closure by the thermosetting liquefied resin 
constituent as a closure object 14 finished in this invention, and drawing 7 . In addition, in the other end of 
an optical fiber, the connector (illustration abbreviation) which enables connection with an optical device 
possesses. 

[0036] Next, the gestalt of the fourth and operation of the fifth of the optical module by this invention is 
explained. The gestalt of the fourth and the fifth operation is the purpose which makes good a light 
corpuscle child, especially thermolysis nature of laser diode, and aims at reservation of optical coupling 
nature, and performs the package injection molding, without using metal mold for thermally conductive big 
metal casing and a thermosetting liquefied resin constituent. Drawing 8 is drawing showing the production 
process which manufactures the optical module of the 4th example by this invention. The gestalt of the 
fourth operation is explained with reference to drawing 8 which shows the production process which 
manufactures the optical module 36 of the 4th example. In drawing 8 the optical module 36 of the 4th 
example The laser diode 19 grade which carried out optical coupling, and the silicon substrate 17 which laid 
the optical fiber 6, It is the optical module which package-izes the copper substrate 33 as a supporter 



- holding this substrate in one with a closure object. The copper substrate 33 Consisting of a copper 
polyimide wiring substrate in which the three way type or the four-way-type dam was formed, a closure 
object is a configuration which consists of transparent liquefied thermosetting property silicone resin as 
transparence closure object 27a which carried out **** stop **** impregnation hardening by the three 
way type or the four-way-type dam. 

[0037] Namely, it sets at the production process which manufactures the optical module 36 of the 4th 
example of drawing 8 . A polyimide insulating layer is formed in Misumi on a thermally conductive big copper 
plate with three-way-type dam 33a. On the copper substrate 33 as a copper polyimide wiring substrate 
which formed the copper wiring 34 through this polyimide insulating layer The optical module member 9 
which is carrying out fixing installation of laser diode 19 and the optical fiber 6 to it being also with the 
fixed object 26 which consists of ultraviolet curing mold adhesives on the silicon substrate 17 due to a 
predetermined optical coupling.size precision was fixed. Then, bonding connection of between the copper 
wiring 34 of the wiring layer 1 1 of a silicon substrate 1 7 and the copper substrate 33 was carried out with 
the golden wire 24, and the optical module base 35 was obtained. And laser diode 1 9 and the optical 
coupling portion between optical fibers 6, A part for the bonding area between a wiring layer 1 1 and the 
copper wiring 34, and the copper substrate portion surrounded by three-way-type dam 33a liquefied 
thermosetting property silicone resin (namely, one example of the thermosetting liquefied resin constituent 
for injection molding), three-way-type dam 33a — **** stop **** — it being made like, and potting 
(impregnation spreading) being carried out and by carrying out predetermined time hardening Transparence 
closure object 27a as a closure object is formed, and the good optical module 36 of optical coupling nature 
and thermolysis nature is obtained. 

[0038] that is , further , in order to aim at improvement in a workability from points , such as a material , 
and unification of a production process , compaction of the setting time , etc. , since metal mold be use for 
the point using transparence closure object 27a combining and [ closure ] and the transparent body , the 
unprepared lappet flow of the closure object to pour in be form in the three way type or four way type of a 
********** sa k e t a j a m be form in the copper substrate 33 , and there be the feature in the place which 
use the copper substrate 33 as a supporter as a kind of metal casing at it . In addition, formation of the 
copper wiring 34 is obtained by carrying out patterning of the one side copper foil of the substrate which 
has 3 layer structures which consist of copper foil, polyimide. and copper foil to the lead electrode 
configuration of an optical module by etching. And this copper polyimide wiring substrate processes the 
dam of a three-dimensions-configuration etc. by press forming beforehand if needed. 

[0039] Drawing 9 is drawing showing the production process which manufactures the optical module of the 
5th example by this invention. The gestalt of the fifth operation is explained from the production process 
which manufactures the optical module 36 of the 5th example. In drawing 9 the optical module 38 of the 
5th example The laser diode 19 grade which carried out optical coupling, and the silicon substrate 17 which 
laid the optical fiber 6, It is the optical module which package-izes the copper substrate 33 as a supporter 
holding this substrate in one with a closure object. The copper substrate 33 It consists of a copper 
polyimide wiring substrate in which the three way type or the four-way-type dam was formed. A closure 
object The transparence fixed object 27 as 1st closure object which carried out impregnation hardening of 
the transparent silicon resin for the optical coupling portion, this — while covering the 1st closure object - 
- a three way type or a four-way-type dam — **** stop **** — it needs — it is the configuration which 
consists of a double closure object with the closure object 14 as 2nd closure object which carried out 
impregnation hardening of the thermosetting liquefied resin. 

[0040] Namely, it sets at the production process which manufactures the optical module 36 of the 5th 
example of drawing 9 . On the copper substrate 33 as a copper polyimide wiring substrate in which three- 
way-type dam 33a and the copper wiring 34 were formed The optical module member 9 which is carrying 
out fixing installation of laser diode 19 grade and the optical fiber 6 to it being also with the fixed object 26 
on the silicon substrate 1 7 due to a predetermined optical coupling size precision was fixed, and bonding 
connection of between a wiring layer 1 1 and the copper wiring 34 was carried out with the golden wire 24 
after that. 



[0041] And into the optical coupling portion between laser diode 19 and an optical fiber 6, potting 
(impregnation spreading) of the transparent silicon resin was carried out, it was hardened, and the 
transparence fixed object 27 was formed as 1 st closure object, furthermore — this — by carrying out 
potting (impregnation spreading) of the epoxy resin as other examples of the thermosetting liquefied resin 
constituent for injection molding, and hardening it into a part for a part for the 1st closure soma, and a 
bonding area, and the copper substrate portion surrounded by three-way-type dam 33a, the closure object 
14 as 2nd closure object was formed in one, and the double closure was constituted. The closure object of 
such a duplex is formed and the optical module which has good optical coupling nature and thermolysis 
nature is obtained. In addition, in the 5th above-mentioned example, in order to improve reliability including 
seal nature, the feature is that it makes it into the double closure structure which adopted the epoxy resin 
with larger mechanical strength than the liquefied thermosetting property silicone resin of the 4th example 
outside. Moreover, in the case of the 4th example and the 5th example, the fiber lobe of the above- 
mentioned fillet gestalt is made to around the optical fiber 6 located in a boundary part with transparence 
closure object 27a or the closure object 14. 

[0042] Furthermore, the assembly sequence and the manufacture method of an optical module in this 
invention are limited to neither the 4th example of the above, nor the 5th example. That is, the silicon 
substrate 17 which is laying the laser diode 19 grade in the copper substrate 33 is fixed, and the laser 
diode 19 and the optical fiber 6 which have been arranged due to a predetermined optical coupling size 
precision are fixed to a silicon substrate 1 7 with the fixed object 26 after that. And bonding connection of 
between laser diode 19 grade, a wiring layer 11, and the copper wiring 34 is carried out with the golden wire 
24. Then, it is also good to be transparence closure object 27a, or to be the transparence fixed object 27 
and the closure object 1 4, to carry out closure shaping of a part for an optical coupling portion and a 
bonding area and the copper substrate portion surrounded by three-way-type dam 33a in one, and to 
obtain an optical module. 

[0043] As mentioned above, by the optical module using the copper polyimide wiring substrate in this 
invention, since the heat which laser diode emits can be conducted in order of a copper polyimide wiring 
substrate from a silicon substrate in addition to a gap of optical coupling-related [ of predetermined 
precision ] being prevented and heat can be radiated efficiently, a good laser luminescence property is 
acquired. 
[0044] 

[Example] Hereafter, some concrete examples are given and explained about the optical module by this 
invention. 

(Example 1 ) The optical module of an example 1 is explained with reference to the manufacture production 
process shown in the optical module, drawing 3 and drawing 4 , and drawing 5 of the 1st example shown in 
drawing 1 , and the optical module base which is in a production process while being shown in drawing 6 . 
First, in the production process shown in drawing 2 (a), on the silicon substrate 17 which formed shallow V 
groove 17a and deep V groove 17b using the anisotropic etching of silicon, the wiring layer 1 1 which has a 
circuit pattern is given, and the solder layer 16 of gold and a tin alloy is formed further at a light corpuscle 
child loading portion. 

[0045] Jacket section 6b of an optical fiber 6 is carried in deep V groove17b so that optical fiber strand 6a 
of the diameter of 0.1 (mm) may be carried in shallow V groove17a formed in the silicon substrate 17. The 
infrared transparency mold microscope was used for laser diode 19 and a photodiode 20 on this silicon 
substrate 17, it has arranged to high degree of accuracy, the silicon substrate 17 was heated under 
nitrogen gas, and the 20g load performed temporary sticking by pressure for 1 minute by 220 (degree C). 
After that, the load is removed and it heats to 340 (degree C) under nitrogen gas, By performing a solder 
reflow, the light corpuscle child main part 21 was created by fixing each diode etc. on a silicon substrate 17. 
[0046] next, in the production process shown in drawing 2 (b), this light corpuscle child main part 21 is 
pasted up on the copper leadframe 22 of the 0.25 (mm) thickness holding the silicon substrate 1 7 as a 
substrate as a supporter through the die attachment 23 — hardening of 2 hours is carried out by 150 
(degree C). And in the production process shown in drawing 2 (c), between each diode and wiring layers 1 1 



and between a wiring layer 11 and leadframes 22 are connected in bonding with the golden wire 24 of 25 
(micrometer). Furthermore, in the production process shown in drawing 2 (c) - (d), the another side edge of 
the optical fiber 6 which possesses SC connector (not shown) at an edge on the other hand is shown, and 
optical fiber strand 6a is formed, Further, optical fiber strand 6a has been arranged to shallow V groove 1 7a f 
and jacket section 6b has been arranged to deep V groove 17b. And as optical fiber strand 6a, jacket 
section 6b, and both V grooves were covered, potting of the ultraviolet curing mold acrylate adhesives as a 
fixed object 26 was carried out. And by irradiating ultraviolet rays, the fixed object 26 was stiffened and 
fixing installation of laser diode 19 and the optical fiber 6 was carried out due to optical coupling high 
degree of accuracy at the silicon substrate 17. 

[0047] Drawing 2 (d) In the production process shown in - (e) into the optical coupling portion between the 
laser diode 19 of the light corpuscle child main part 21, and an optical fiber 6 (optical fiber strand 6a) as 
transparence fixed object 27 — transparence — potting was performed using silicone resin, after 
performing the vacuum deairing for removing the void in this silicone resin, it heated by 150 (degree C) for 
2 hours, the transparence fixed object 27 was hardened, and the optical module member 28 was 
manufactured. 

[0048] next — while holding so that an optical fiber 6 may be located up using a fixture (not shown) as 
shown in drawing 3 and drawing 4 — an optical fiber 6 — the aperture of an inlet 4 — the above- 
mentioned optical module member 28 is set to metal mold 1 and 2 so that it may arrange in the center 
mostly. As shown in drawing 3 and drawing 4 , from the inlet 4 formed by metal mold Then, the 
thermosetting liquefied resin as a closure object 14 (Namely, epoxy resin), To the place (for example, 
location dented only about 3mm from upper limb 4a) which fell for a while from the upper limb side (upper 
limb 4a of the inlet 4 shown in drawing 4 ) of metal mold 2 If it puts in another way, it will pour in to the 
place (for example, location projected only about 3mm from upper limb 8a) gone up for a while from the 
upper limbs 7a and 8a of cavities 7 and 8. In addition, since selecting as thermosetting liquefied resin of the 
closure object 14 in the quality of the material which has the glass transition temperature more than 
molding temperature makes contraction at the time of shaping small and it stops the amount of curvatures 
of a package small, it is desirable. 

[0049] At this time, the optical module member 28 is pinched and clamped with metal mold 1 and metal 
mold 2 through a leadframe 22 as mentioned above. In addition, it is desirable to make the height size of 
metal mold 1 larger than the height size of metal mold 2, and to make impregnation easy like [ in the case 
of this example ]. Therefore, upper limb 4a of the inlet 4 in the case of this example becomes the upper 
limb side of the metal mold 2 of one side. Furthermore, the periphery of a leadframe 22 and the edge 
surface of metal mold 2 are the same side. 

[0050] Next, in order to remove the cavity 7 of the poured-in closure object 14 and metal mold 1 and 2, 
and the void which exists in eight, after carrying out the vacuum deairing of the whole metal mold The 
whole metal mold is invested in the thermostat of 150 (degree C), and heat hardening of the closure object 
14 of 3 hours is carried out., And what was taken out from metal mold 1 and 2 after hardening a 
thermosetting liquefied resin constituent is the optical module base 29 shown in drawing 5 . At this time, as 
shown in drawing 5 , it is some closure objects 14, Fiber lobe 14a of the height size 3 [ about ] (mm) is 
formed. And the garbage of a leadframe 22 was excised from this optical module base 29, and two or more 
lead electrodes 15 were formed, and bending processing was performed, and the optical module 31 of the 
1st example as shown in drawing 1 was produced. 

[0051] (Example 2) The optical module of an example 2 is explained with reference to drawing 6 and 
drawing 7 . Most manufactures an example 2 at the same production process as an example 1. A difference 
is in the place which forms an elastomer 13 in the upper part of fiber lobe 14a supporting an optical fiber 6. 
Namely, after producing the optical module member 28 at the production process shown in drawing 2 , as 
shown in drawing 3 and 4 As it arranges in the center mostly, the optical module member 28 is fixed, and 
an optical fiber 6 is poured into metal mold 1 and 2 from an inlet 4 after that to the place of the aperture of 
an inlet 4 which fell the epoxy resin as a closure object 14 for a while from upper limb 4a of the inlet 4 of 
metal mold 2, and the location where about 3 (mm) was dented. And in order to remove the void of the 



closure object 14 in both cavities, the vacuum deairing of the whole metal mold is carried out. The whole 
metal mold is invested in the thermostat of 150 (degree C). and the closure object 14 is hardened over 3 
hours. 

[0052] Next, from the inlet 4 of metal mold 1 and 2, the liquefied thermosetting property silicone resin for 
forming an elastomer 13 was calmly poured in until it became flat-tapped with upper limb 4a of an inlet 4. 
and the whole metal mold is invested in the thermostat of 1 50 (degree C) — heating of 2 hours was 
performed, liquefied thermosetting property silicone resin was hardened, and the elastomer 13 was formed. 
After that, the optical module base 30 as shown in drawing 7 from metal mold was taken out. And cutting 
shaping and bending processing of the leadframe 22 of the optical module base 30 were performed, two or 
more lead electrodes 15 were formed, and the optical module 32 of the 2nd example as shown in drawing 6 
was produced. 

. .[0053] As [ show / this example / to drawing 5 and 7 / in addition, ] Although the size of fiber lobe 14a 
and an elastomer 13 was set to about 3 (mm), respectively it cannot be overemphasized that it is not what 
is restricted to this size the upper surface of fiber lobe 14a — the same field as the main part of the 
closure object 14 — namely, Even if it is the size configuration which fiber lobe 14a has not projected, it is 
good also in the size configuration conversely dented for a while from the field of the closure object 14. 
However, as for the elastomer 13 at least, it is desirable that it is the size configuration projected from 
closure object 1 4 main part because of stress absorption. 

[0054] (Example 3) An example 3 is the difference from the example 2 of an example 3. although it is the 
almost same configuration as an example 2. An example 3 is in the place which carries out coincidence 
hardening of fiber lobe 14a and the elastomer 13 at the same production process, namely, the production 
process shown in drawing 3 and drawing 4 after producing the optical module member 28 at the production 
process shown in drawing 2 — metal mold — an optical fiber 6 — the aperture of an inlet 4 — as it 
arranges in the center mostly, the optical module member 28 is fixed. Then, it is an epoxy resin as a 
closure object 14 from an inlet 4, It pours in to the location of ejection of about 3 (mm) of the place gone 
up for a while from the upper limbs 7a and 8a of both the cavities 7 and 8. And in order to remove the void 
of the closure object 14 in a cavity, the vacuum deairing of the whole metal mold was carried out. 
[0055] Next, the liquefied thermosetting property silicone resin for forming an elastomer 13 from the inlet 4 
of metal mold was calmly poured in to upper limb 4a of an inlet 4. Then, metal mold was invested in the 
thermostat of 150 (degree C), heating of 3 hours was performed, and the closure object 14. fiber lobe 14a. 
and an elastomer 13 were hardened to coincidence. And the optical module base 30 as shown in drawing 7 
from metal mold was taken out. Then, the optical module 32 of the 3rd example which performs cutting 
shaping and bending processing of the lead electrode 15. and is shown in drawing 6 was produced, thus, the 
optical module of the 3rd example — a manufacture production process — an example 2 — a part — also 
differing — the configuration of the produced optical module is the same as the optical module of the 2nd 
example. 

[0056] The optical module an example 4 to its following example 7 improves a light corpuscle child's 
thermolysis nature, securing optical coupling nature is shown. 

(Example 4) An example 4 (and an example 5. an example 6) is the optical module which adopted the 
copper polyimide wiring substrate as a supporter holding the substrate which carries out fixing installation 
carrying out optical coupling of an OPTO semiconductor device and the optical fiber by predetermined size 
relation, in order to improve thermolysis nature. The optical module of an example 4 is explained with 
reference to the manufacture production process of the optical module of the 4th example shown in 
drawing 8 . 

[0057] as shown in drawing 8 (a), in the production process shown in drawing 8 (b). the optical module 
member 9 is pasted up through a die attachment (not shown) on the copper polyimide wiring substrate as a 
copper substrate 33 which has three-way-type dam 33a prepared in Misumi. and the copper wiring 34 — 
heat hardening of the die attachment of 2 hours was performed by 150 (degree C). This optical module 
member 9 is the manufacture production process (in an a-d production process) of the optical module 
member shown in drawing 2 . production process except the golden wire 24 which connects a leadframe 22 



the die attachment 23, and laser diode 19 grade and a wiring layer 1 1 Manufacturing is possible, from — A 
silicon substrate 17 is a light corpuscle child's laser diode 19, and optical fiber strand 6a of an optical fiber 
6. Fixing installation is carried out, carrying out optical coupling to it being also with the fixed object 26 by 
predetermined size relation. Then, bonding connection of between the copper wiring 34 of the wiring layer 
1 1 of a silicon substrate 1 7 and the copper substrate 33 was carried out with the golden wire 24, and the 
optical module base 35 was obtained. 

[0058] In the production process shown in drawing 8 (c) Next, laser diode 1 9 and the optical coupling 
portion between optical fibers 6, Into a part for a wiring layer 1 1 , the copper wiring 34, and the bonding area 
of the golden wire 24, and the copper substrate portion surrounded by three-way-type dam 33a the 
liquefied thermosetting property silicone resin as transparence closure object 27a which served both as the 
transparent body and a closure object — three-way-type dam 33a — **** stop **** — it was made like 
and potting (impregnation spreading) was carried, out. And after performing the vacuum deairing for 
removing the void in silicone resin, 2 time amount carried out heat hardening by 150 (degree C), and the 
transparence closure object 27 as a closure object was formed in one. That is, the packageHzed optical 
module 36 as shown in drawing 8 was produced. 

[0059] (Example 5) An example 5 is an optical module which consists of a configuration and a process 
similar to an example 4. Other assembly and closure production processes of an example of the optical 
module using a copper polyimide wiring substrate are shown. The optical module of an example 5 is 
explained with reference to the manufacture production process of the optical module of the 5th example 
shown in drawing 9 . the production process shown in drawing 9 (a) and (b) in drawing — drawing 8 (a) of 
an example 4, and (b) — on the way — a production process — being the same The optical module base 
35 shown in drawing 9 (b) is the same base obtained at the same production process as an example 4. 
[0060] Backward [ which performed the vacuum deairing for carrying out potting (impregnation spreading) 
of the liquefied thermosetting property silicone resin as a transparence fixed object 27 to the optical 
coupling portion between the laser diode 19 of the optical module member 9, and an optical fiber 6, and 
removing the void in this silicone resin in the production process shown in drawing 9 (c) ] t The closure 
object of 2 hours which heat hardening is carried out and is the 1 st was formed for the transparence fixed 
object 27 by 150 (degree C). then, a part for the 1st closure soma which consists of a transparence fixed 
object 27, a part for a wiring layer 1 1, the copper wiring 34, and the bonding area of the golden wire 24, and 
the copper substrate portion surrounded by three-way-type dam 33a — the epoxy resin as thermosetting 
liquefied resin — three-way-type dam 33a — **** stop **** — it was made like and potting 
(impregnation spreading) was carried out. And after performing the vacuum deairing for removing a void, the 
optical module of 3 hours which carried out heat hardening, formed the closure object 14 as 2nd closure 
object in one, and constituted and packageHzed the double closure was produced by 1 50 (degree C). 
[0061] (Example 6) An example 6 is an example of the optical module 45 of a printed circuit board form 
manufactured using the optical module 38 of an example 5, namely, is an example which mounted the 
optical module using a copper polyimide wiring substrate on the printed-circuit board. Drawing 10 is 
drawing showing the optical module of the 6th example by this invention. The optical module of **** 6 
example is explained from the production process which manufactures the optical module 45 of a printed 
circuit board form. In the first production process, the fixed parts 41a, 41b, 41c, and 41 d for attaching 
optical module picking with the polar zone 42 as shown in drawing 1 1 prepared the printed circuit board 40 
currently fixed to the through hole section 43 of a substrate 44 by soldering. 

[0062] And in the following production process, the optical module 38 of an example 5 was mounted on the 
printed circuit board 40 through fixed parts 41a, 41b, 41c, and 41 d, the electrode of the optical module 38 
and the electrode of a printed circuit board 40 were connected, and the printed circuit board form light 
module 45 shown in drawing 10 was produced. In addition, drawing 12 is the enlarged view having shown the 
electrode section of the optical module shown in drawing 10 in details. The connection of the electrode of 
the optical module 38 and the electrode of a printed circuit board 40 is expanded, and it is shown in details. 
In the above examples 4-6, since the thermolysis nature which was excellent with the effect of a copper 
polyimide wiring substrate is shown and a heart gap of optical coupling is prevented by the injection 



- molding, a good optical module is offered. 
[0063] (Example 7) An example 7 is an example which constituted the multichip form light module by 
loading together the optical module by this invention to the multichip which has various functions. Drawing 
13 is drawing showing the optical module of the 7th example by this invention. The optical module of **** 
7 example is explained from the production process which manufactures the optical module 58 of a 
multichip form. Prepare the optical module member 10 which can be manufactured at a production process 
(production process excluding [ on the a~e production process and ] the leadframe 22 and the die 
attachment 23), and it sets to drawing 13 (b). a part of manufacture production process of the optical 
module member shown in drawing 2 in the production process shown in drawing 13 (a) — a die attachment 
(not shown) is minded for this optical module member 10 on the multi-printed circuit board 51 — 150 
(degree C) — 2 hours — heat hardening was carried out and it fixed. In addition, the multi-printed circuit 
board 51 is a multichip which comes to carry two or more semiconductor devices 52, 53, and 54 on a 
substrate 57. Furthermore, bonding of between the electrode pads 56 on the wiring layer 1 1 on the optical 
module member 10 and the multi-printed circuit board 51 was carried out using the golden wire 24. 
[0064] And in the production process shown in drawing 1 3 (c), as a part for the optical module member 10 
and the bonding area of the golden wire 24 was covered, potting of the epoxy resin as a sealing agent 14 
was carried out. Then, the multichip form light module 58 was produced for the sealing agent 14 by [ of 3 
hours ] carrying out heat hardening by 1 50 (degree C). In this example 7, since thermolysis from a light 
corpuscle child is performed through the substrate 57 with a comparatively big area, the multichip form 
light module 58 which shows the outstanding thermolysis nature and by which a heart gap is prevented is 
offered. 

[0065] If it is the optical module of above this examples, since the stress applied to the optical coupling 

portion between laser diode and an optical fiber at the time of package molding will become small, 

generating of the location gaps at the time of molding (optical coupling gap etc.) is avoided. Moreover, since 

it is really without a seal portion a mold package article, the moisture resistance of an optical module is 

excellent. Since the closure is carried out with the thermosetting liquefied resin constituent which has the 

glass transition temperature more than molding temperature especially, contraction at the time of shaping 

is small, the amount of curvatures of a package becomes small, and there is a point of excelling in the 

surface smoothness of a solder ball loading side. 

[0066] The result of having checked the above is shown in a table 1 . 

[0067] 
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[0068] a table 1 — setting — example 1- it turns out that any example has optical coupling nature with 
the optical module fluctuation of an optical output is 0.05dB or less, and good [ fluctuation ] by this 
invention as the optical output fluctuation before and behind the closure by the thermosetting liquefied 
resin constituent of 5 and 7 and the thermal resistance of an optical module are shown. Especially, in the 
examples 4 and 5, it became clear that the thermolysis nature which was excellent with the effect of a 
copper polyimide wiring substrate was shown. 
[0069] 

[Effect of the Invention] As mentioned above, according to this invention, the optical module with which 
optical coupling nature excels [ moldability / package ] in low cost well good at mass-production nature is 
offered. Moreover, the optical module with which reservation of optical coupling nature and improvement in 
thermolysis nature are achieved by coincidence is offered by using the high copper polyimide wiring 



substrate of thermolysis nature. 

[0070] If it is an optical module by this invention, by using two or more metal mold of picking, and 
automatic dispensers for liquefied resin constituents, it is effective in the ability to obtain high mass- 
production nature, and as an example 6 shows, mounting to a printed circuit board form light module can 
also be performed easily, and it is on the other hand, effective in the application expansion to the multichip 
form light module shown in the example 7 being easy further again. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the optical module of the 1st example by this invention. 

[Drawing 2] It is drawing showing the manufacture production process of the optical module member of one 

example by this invention. 

[Drawing 3] It is drawing showing the manufacture production process which has set the optical module 
member of drawing 3 to metal mold. 

[Drawing 4] It is drawing showing the manufacture production process after setting the optical module 
member of drawing 3 to metal mold. 

[Drawing 5] It is drawing showing the optical module base of the 1st example by this invention. 
[Drawing 6] It is drawing showing the optical module of the 2nd example by this invention, and the 3rd 
example. 

[Drawing 7] It is drawing showing the optical module base of the 2nd example by this invention, and the 3rd 
example. 

[Drawing 8] It is drawing showing the production process which manufactures the optical module of the 4th 
example by this invention. 

[Drawing 9] It is drawing showing the production process which manufactures the optical module of the 5th 
example by this invention. 

[Drawing 10] It is drawing showing the optical module of the 6th example by this invention. 
[Drawing 11] It is drawing showing the printed circuit board of the optical module shown in drawing 10 . 
[Drawing 1 2] It is the enlarged view having shown the electrode section of the optical module shown in 
drawing 10 in details. 

[Drawing 13] It is drawing showing the production process which manufactures the optical module of the 
7th example by this invention. 

[Drawing 14] It is drawing explaining a fillet gestalt. 
[Description of Notations] 

1 2 [ — The bolthole for metal mold conclusion, ] — Metal mold, 4 — An inlet, 4a — An upper limb, 5a, b, c. 
d 6 [ — Cavity, ] — An optical fiber, 6a — An optical fiber strand, 6b — 7 The jacket section, 8 9, 10, 28 - 

- An optical module member, 11 — A wiring layer, 13 — Elastomer, 14 [ — Solder layer, ] — A closure 
object, 14a — A fiber lobe, 15 — A lead electrode, 16 17 [ — Laser diode, ] — A silicon substrate, 17a — 
A shallow V groove, 17b — A deep V groove, 19 20 — A photodiode, 21 — A light corpuscle child main 
part, 22 — Leadframe, 23 [ — Transparence fixed object, ] — A die attachment, 24 — A golden wire, 26 - 

- A fixed object, 27 27a — A transparence closure object, 29, 30, 35 — An optical module base, 31. 32, 36, 
38 — An optical module, 33 [ — Printed circuit board, ] — A copper substrate, 33a — A three-way-type 
dam, 34 — Copper wiring, 40 41a, 41b, 41c, 41 d — A fixed part, 42 — The polar zone, 43 — Through hole 
section, 44 57 [ — A polyimide layer, 50 / — Solder, 51 / — A multi-printed circuit board, 52, 53, 54 / — 
A semiconductor device, 55 / — A lead electrode, 58 / — Multichip form light module. ] — A substrate, 45 

- A printed circuit board form light module, 46, 47, 56 — An electrode pad, 48 



[Translation done.] 
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K8«£«jrr &jh# 
■J-f 5 HE»»«a>Sfc0. MEifikfftt, flJE=#* 

1 ©f*ih#* «^^-3WBS=**fcHWaBia*^AJc J: 
o T«#ih«> 6 *l -5 £ 5 ft&Kfctt&Kttlg S a Alft L 

fcig 2 ©ttittti© 2 a**jhfta&» s&* d £ t!|t&£-r 
ttAP«tt)5«*L*:«i«YI:ttac«»|gSi»Ea6SRDCitt 

M^LT^saAPtW^-S^ifljcT^^yu 



2 

[0 0 0 1] 

[fS^©Jg-rsftffi#SF] #»9ltt. jfcqEs^-JWsj; 
[0 0 0 2] 

[ft*©ftflT] ffi^fiHIfro^^SlftSf^tJt^r-f A* 

[0 0 0 3] ^S^i-JKOiSax HfcOfc* 

tt*a«WSa *ITH*. 4$MBB57-177580^* 

ftwrtt, s^rttTt^^^sci^Lt^t 

SSfc. ttn?61-3108{M»ttM¥7-i9 
3262^&*lctt, 3t*iW|:#f*tt5'J-H7l/-A 

h -r* t ^ 3 .j: 3 u-m^-ji, FMikjjmo&mm* 

[0 0 0 4] 

* ft Df © y 5 X 3=- y a *m £ U - K 7 U - A £ ^ «> ^— 
«lfB«tt*a«-r**3WlijHt«c*. 

[0 0 0 5] 3 SIC. \* 
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3 

v^'rtfm&Tztziitf^TLzn. s <=,(;:. 

[0 0 0 6] Lfciibl. *»W©B«tt. finable 
a -ju s n t c & & . 

[0 0 0 7] 

SBft? 7< A©£««;*:SMfc©^ 0 £H-s>T®J&L>fc:7 
[0 0 0 8] i&. ^^i-JKOttOWfttt, 

[0 0 0 9] gij©#®te, 3t<S-&S-a-fc5t#« 

Sf!l©*flfc#<h. »JBl©»jh#S«Ht3t3«HBH*S 
fcttmiBSia^^A Til#it* £ ft 5 <fc 5 H*®Yfctt 

&tt8fJ!if Xm\\L bfc* 2 ©ltlt# i©2 «#Jt#* 



4 

[0 0 10] *56Wk:J;ntf. »Jh#SffiALTriE»-r 
[0 0 11] 

LT©* l S^KH©**^-;^ 

^x, Hi~H5*ra«rk:#jiBUT»iiH-r*. sue 

*^T. *13fcl6«©3fr£$>;x-;Mltt. 3fS£^ffi»« 
O^TBfStA: (Hits. ^tt^S-frfc) ft¥«#sff 
ftLTCl/- tf-^-f h*l9#£ft:77-r A6 <h£ 

20 S«£LT©->'Jn>S«i7£. 5t¥*#*^t*St* ' 

£ffif*-f LTOT'J— K7U-A22tj5«, -£-© 

SJt#0-«*i^U3>S«1736»638tliUT^*3t7r 
-f A 6 ©g^ffl Lft:ffi3-©£«;fl*tttt<z)jq 9 SioT 

[0 0 12] JBlSIMWO^^i-^Itr) 

SiFSJtSf^t, MTmfoTZ. H2CttiT, 3t7 7 
so -f A6 3W««an5fc»©V»ttoai,vv*17at*l,> 
V*I7b*#f*5'U3>*«17ia. tHO©^-*?** 
-> U n >©s*ttx y ? > ifii *n y 9 <J > 9\z «k -5 IE 

7 r -f 6 a) ©3tig^iWl i Li© I/— 9 s - 

»fj£©iai«©«s^a!ic««EanT^*. meiai* 

. [0 0 13] *^ffifiSjT"tt. 3t*fibTCl/-!f-^ 

*n«*»l^— tf-m— FWMfiy* h^-f H20 
T*r>Tt>Atr»)*, Vj»*#r*->U3>a«i7±© 

«J116*->U >S«I7±{c»jS LT*< Z t^Ii L 
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5 

=? £ -> U 3 >*« 1 7±OBf ^fflcBfc ^iSTfii^t 

[0014] ^©&. 3t*^3&*«f«isnfc->u3>as 

17*. U - K7 U-A22±lC^-f ~79 vJ-^ > h23£tf- 

**, ^e*tt**»^ «>03j«iS[jiMto jiSTa*L^. ->u 

^>S«17±©Vift'v.#:7 7-1'A6£EHU V8tK3fc 

fc. @£#26£3j? •;/■?■ >f >^L«ft;-r-&. HYfc^n-fex 
«™©fitt©£«>K:. B£#26<hLT, ft*MftflEfl:£!© 

S. 

[0015] ^{c, ** : FiB«Jill(->ij3>a5 i RE 
«»). *6fCB»JilltU-H7U-A22©ni|C!)«S[ 

geSSctt, *7^*24fc±oT#>5r-r £ 

#27tUT©aW»JK*ffl^TJj«y7--f >^bflMfcHJ£ 

ttfflg. x#^->«JJg, "5"J3 — >«Ht*©, i^—^—y 
-f K©HJ»3fcfc#LTa«fc»ffiT*fttf ^*»£a 

C0 0 16]^(C. 03, 0 4fC^-TJ:-5tC, 

^S&AJ&JgfflW^l&.fcO^ (gp^. &M)lZ. ft^fc 

a. - ;U»«28 1 b / X y dr - 5? L T. a. - 

©*fjkjdt»£&lg-rs. BP*3, Hfc#lr>T. ft^a- 
;P8Mf28«&S! 1 , 2©*^fcf5V7, 8IBIICBU 
&MM8f&m#)l<h?:5a, b, c. d^flH^TtfJU^TSS: 
lifcfettttT. 36ti?i-;H»«28© U - H 7 U-A22£ 
^7>7"-rs. Mli^l2T'J-K71/-A 

22*@^-rst>©Tfen«, 

[0017] -f-UT, 'J-H7l^-A22T3t^E>»3.-;i, 
*#28tf££! 1 , 2 t^5>^nfc««t*om 

T V»a*aBB*©ttAP4 3&»&3S#HiLfctt»T»0. 

3t7r-r A6©s«a*aj«t©n*ffi«Btt. ins 

•6. 3t7r-fA6*t, j e©Stii*f6]*±gB(crp]^T, ft 
7 7-f A'6©-»^r^ hffi6b€&AP4©Pg©l3tf 
WCElSftiiifcLT. * ; E^i-;M85#28**5fe 



[0 0 18] ^fl-rtitf. 3C7r-f A6©2Hrttibffl#- 
5r±SI5IC|ti]ttT7 l e^^i-;U^28 (0 3 #]£) ££gy 
. 1. 2 (B3StfB4#IH)KieU ->'Jn>S«i7^^ 
»"r*'J-K7U-^22fe*i!!l, 2lCT*5>:/U 

2 ICioT^iMlTM^nT^sa 
AP4(B4#JBJJ:t), »±ft:l4i:LT»|«ans«« 

U ->'Jn>S«17A^M{iJUT^S ( }££/Tmo3fi-3 
)^7r>f7N*6©a««*gl5-fe©po$iBoT^ 
>o KitJtff 14©-g|5a»^*ffiL»J«bfc7w 1/? HJgffi© 
7 r-f A^aj«l4 a (0 1 #JIH) tts tfCi*.ik#14a#£ 

IC, , J-K7U-A22©^»«»3&J«|»flM«t*nT, « 

[0 0 19] *f&HKJ:*affl*m»&S:AJ«#©«r* 
tt. M 1 i^I 2 i T«$tv5 SAQ 4 ^Plft 
LT^SttUfc&s. UfcTjtoT, ->U3>Sfel7©S 

20 -f/t6tt. -t©ismbT^*jt7r-f^6©ai««*a 

fttetrififflflBtt)©^*^* sage b©HBtt. 
aoT. 411, 2fcBtta*i£ir»#!Bfc:fcoT. *a 

M*^x^*ttA0 4©«p4iKBfliatns**fc**. 
■e-LT. **jt*i4tUT«Yfc»j*sn*si*«fl:ttaE«» 

flirt*, K£AP4rt>£&AP4©TgB©— gB£fi#>3J; 
3 CUT, ^t'7^7, 8ftlc&A?6iS£tl, Jft£l$ 
M©lD««fl:«tff tonx, »«<!: LTCy'J a >S«17 
t««P#tbT©iJ-K7U-A22t©H*WA»±j« 

30 [0 0 2 0] Z\ZT\ ±»©77"f/X^aSB14aJC3H 

T*t£tt9Tr*. S*K»rJ£T|-8n?B 
*««b»/*Lfc3t*#flE*^t3tt7r-f/ti©K«« 
©*«idBB«**»r*k:tt. J$»l9lc%¥i»tt:*?*> 

ffiffl*ffllr»fcaAj*»©»3-T?**l«, ^^T-fAfC^- 

T, *7 7^A'©I0ittiraLTl^ 1 &h-t*i 
«. 3K7y-fA©«r)t*a?L*«ft*^tK:)i«. 
o [0 0 2 1] -7J, afflfcttttAP*«*0-«ttfcaA 
0fe7cai*LTi>40T. ttAP*H«^©^:m?L«i:* 

-5. C©l£*. «fti&©ffiA-r*f*ik#;&«SniS-&fcn 

*>63ffitilLTV»*5K7r-f A£±7j[fi]l;;f6]ttT, 

A*©Sffi«*^Wv^^-. y H^©nSffi^H 

^ai'Jic^n^^-ric. s?+4ry hfw*ffiAP©»«jiA 
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[0 0 2 2] tu5T. *aHlttbTV»6j£A 

p ^ 6 a a $ nx^n c mnxm \t l tz&Mimm®;® 

3. U7 hit f&Wlt&mW;®mtf*L§5.l£<D& 

[0 0 2 3] 014 (a)tt, -&0T«9Sffi©7^ h- 

i±0T^TJgfi££ftT^-5„ Jf;, 114(b)ll t 
t3±^DiI©7>fl/7hilTit) 1 HLXAA'B 

nx^a. aa'^h aAfig^snfc^v'rL 

±#£LT(DSS{fc^£ro|fffi©2££U BB',^ 
it, AA'^*^7t7r'f'A<DS@m7j[p)lCSJgLfce 
«©2^<>:-rs. fife. BB'^a^it^©WgBTa&-l> 

«ig^<h*<D^@!^ttjfi«aflMTtt, saw-;***-* Kgp 
[0 0 2 4] fit, aAn^6jtAbfc«MBYbe*« 

ftA^nswx. /h^tiPsoffiAP4<DTge<&t)ai* 
VTmit®)i:LT<Dm±m4&i$,mi,tzm&ii> sap 

[0 0 2 5] d(D<h£, ffiAP<&fe«i6^<-rtt^{CL 
H5xE<DMjJ:^<D-gB < i:LT©aAPtcM3r-5SP'a 

[0 0 2 6] Lfc*?oT. i!OJ:3*tt*TitjtJ«»* 



(5) 

fc!7-r 1.7 h»*«7 7-f AjUii«14a*#-r*Ctfc: 

t <t a & ^ -f "v^fo&mwmmo&Mte. a t> Big $ n, 

[0 0 2 7] SikriMBOflMtieoMrfctt. £3! 

[0 0 2 8] *»«k:*HTtt. Hio^rt 

hSB6 b£JgAy-C t ±7jM£l^3g7JT3l-3^o 

40 [0 0 2 9] &\z, **9ifc:«k*3tqE5?3.-;KDas-fi 

3 mmM<Dft=£ ^^T@T$5. 0 6 lc* 
^T, *2 3Eifi«*J:rXjB3 3«JSW03tTE5?3.-;U32 

so oT, 77-f ASHUBl4aO±a5fca4aT5»ft# < tbT 
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[0 0 3 0] Z.Z.X\ ±ao#ltftiLTOl7Xh7 
13C-Dlr»TBMH-ra. $ 1 SfeltWO^^i-^lC* 

% 7 T -i A* 6 #fft If £ tltz t % \Z , 7 y A?£ tBSB 14 a 
©«#T% 3t7r-f/'C6 3ft«W!i-r**n*»*S. £©S 
*«, 7r< A?Stt}gBl4 a A»ST €TX7 y -i A 6 
^nfci: #O^^K<R**7 A*^tbgei4 a t-T^S 

££©*&;*;£, £}Jkttl4©«ftKd^9fc£Sftit,ij£fl; 

ffl«14 a ©«*Kl*»t*«liS@jB-r* fe©T*<5. 
[0 0 3 1] «oT, *»Hfc<fcSSS2sfeJ6«©3frE3; 

3t«*©>KllS^-tttH«THi&fl:26TH**«b*t3E 
«Bll*»JfcUfc>'U:3>£«i7£. I — -y--^^-- 

- K 7 V - A 22 £ d^jh £ tlT I >3 ft^E a - )VX & o 
T, V— ff-?y( *-F\m£ft7y1 A* 6 t©^©^ 

tt*«»JiBtaj**R:«k*i*j|:J«»35t, ft77fA6©^ 

vl35:^bT^S£c:5{C*S 0 3 
[0 0 3 2] **Jt#14tbT©J|ft«fl:tt*««UB 

-*©**©*fiMfc©:Ra-p % 

i4aoa*tc*»t5«jai4lHi»-rsfc:jn>lT, HftSl-fctt 
?&tt#fflg*&i$#)a> s & •s.ititte 14 <tf!*®f(;e yija-> 
WKa^&Sx^hviStWttfceaiafftfco, * 

fc. WfcBSra©gtt©£T*r?ij£fca. • « 

[0 0 3 3] fcx, *56WC«fc*SB3*tt«03ttj? 
:*-JM2©*jr»tt. ^iLTOU-if-^t-K 

->'Jn>S«i7<h > ** : ?£«a»asnsu-K7U 

r-f /t£©M©*IS£ffl##3fc*^©ffii*3fc»;:#L 
Ta«&WJg|a/£« (jgWfr27) TBtofl, *0**ifc* 14 



(6) 

-f A£tH«14aXtfX5X hVl3*H«fK»*LT>iS 
fO'0 3 4-] **WPffll»6n-*i*jtil»:i4£UT©JIS«" 

(BPS. 3R«fbttttttt»B)£lxTf4. ttfttt^eafttt 
13tt. Ilit#14£ LTx#*->#flg£Sffl Lfc*^«, 

x#+ v«jji©®ftLfc®ftj; o t,m e^ii®fb®s# 

[0 0 3 5] *IBWTfflH6tiaiJ-f«7U-A 
22tt. »Jg»±S!*Wfl:S|*T?fflV»6'nTV»*, 42®^- 
= 7^7n-f ^to«)S427 , D-f. *fctt«S»V»*C 

**WKfet»TtJih#14tbT©JIW!fl:tt«tt»|g 

^.-;US^29, 30 (A^>7— -E-©«tr, 'J 

— K^JWriSfOfttfini^fT^. 01, H6{c^-T«tp 
• ft^^a-^l. 32<£»^. ft, #7 r *f 

[0 0 3 6] ^tr. ^WICtS^^i-^UOlSBaR 

tt*fi«Fic-b. *t33eig^tt©fliftsH*BWp. isie 

S*fflt»-Tk:/'«yer-J?aAiife»*ff3'b©T»S. 0 
8fi. *»Wf:J;-g>m4^jgfiaj©>t^i? a .-;p^®(fp- r 

•5lS$r^-r0TS^„ IB4|IM«©J|eqEi?3.— ;P36* 
fc"3^TlftM-r*. H8t*HT. *4^Jfi«©3t ; E^ 

-r-5«»«=£LT©^S«33£^. »it#CJ:r3T-H* 

f*±#a, ^Jjzrzumjjy&izk-oxM 

Zlksb <btlX&A®<t L tzmWttltmi a £ 
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[0037] ips. m8<Dm4mmm(D^^ :L -)iz6 

*Sia>S£*B5£#26T ! b-3TU— y— ^ fj 2 9 
1 7 7 -f A 6 t ^ftllgffl^^tftlify 'J a 

33©*E*340W**'7-f ■\*24TsH>7 f ^ >£f|8»U 
Jt^f i-;«i*:35S»fc. *UTU— y-^-f 
19i3t7r-fA6©W03tlg^fflJ»t. £**ll£fiNE 
*34©W©st?>7V>£TO3-£, H^yA33atCH$n 

■6. i^j£KJB©lft«fc{£«ttttJi&j£4ba— 
*• ^*^*33aK:j;oT«*jfc«>&n*«fc5fcLT 

-5. 

[0 0 3 8] BPS. Wtt^ieott-RtfHffcRfciaiojg 
18ft £*©£*> &flMW-©fiU: SB* feast. Sibfcta 

w#t**ffl-raaw»±#27a*ffl^sjfiiK:. sic, 
*i*«*jt»sfci6©=^rs&»aiairt:^siliai«33 

c«fc0/^-->^f*ctk:j:?)#6n*. fit. 
•5. 

[0 0 3 9] @9tt. *5SWK«fcSS65SSlfi«©3fc*3? 

*5?a-^36*Mfrr*xa*»6SBE©*lt©»J8JC^ 
l»TRWt4. B9C*HT, *5 2S««©3frE5>:i- 

-r A-6^mgLfe->un>s«i7t. s . 

aA«ftUfcJBl©JtjtfrtbT©a9iHJ&#27i, R 
SB 1 ©»Jt#*«Ht?t3=^ri fcttng^At:±t>T« 

©«lfc#£LT©Sjl:#14£©. 2 Sf*ihfl#»SfcS« 
[0 0 4 0] IPS. H9©SB5*ifi#i|©JtttJ?i-;U36 s< 



A? 

S«frr4iec*^T, =#yA33 a £1815^34 <h£ 
#jSLfc*#iMS KK***tUT©ft««33±t, 
B£#26Tt> o T y'-y-f H 19^i>fc7 7 -f A 
6 t«Bf«»flE©*iie^teB«T->U=i>ai«i7±t: 
H#«BbT^-53fe : t> ! 3.-;i,^9 ^HSL. -t© 
E*JiU£*iE*34©MS£»7-f ir24TJl?>7^ > 

[0 04 1] ^-ux. V— *f-m— h*19t^7r< 

a- 6-©m©3ei&£«#fc. •■awa-v'-ij n>»j»*# »,-^ 

H£fK7fc#jfcbfc. »SBi©ajh#«»t. 
*>7V >£^B#£, =*^A33afcH*nfc**«a 
#<hlc, &A/£»ffl©*«fcttttttW|g|Bj£tt®flj 1 0 > £ 
*«tbT©XjJ?+'>»»$jJ«-,5r^ >if{&AMm L 
TWitr<5CtKJ:t>T, SB2©|f±#:tbT©»±# 

2«©iJit#£JI2fi£LT, S«7«:3«IS^tt2fcVttj|M£« 

' l:. ^•ffl | I(3|g4*^j©^gft^ttt->'jn->^|ig c fc 

jfifr*/SK:««*f*s. gjfc. £4 5 
**«©«$fctt. S9!itit#27a *ifctti*Jfc#14d:© 

[0 0 4 2] ££tc. ^JBWIC^ttS^^a.-;!/©^ 

«$n«t>©-?a«:t}. r&b*,. ^s«33ni^— y- 

y-T K19flE*««UT^*^U3>*«17feB# 
U -e©MJC. Bf£«*©3fctS£*ttH«Tffi«LfcU 

— y-^-f*- Kl9£ft7 7<A6£, B£#26K«fcD 

>''j3>a«i7t:Bje-r*. fit, u— y-^<^-_ 

1*199 te««llfc«HB»34©Wt*7-f-V24fc:TJl«> 

7V>^|$«-r*. ■€■©«. 3tis£sa-£si?>5v>i> r 

*»iH^A33aKH*nfc*»*«»i:*. a9»* 
it#27aT*. *fcttaWHJ&#27»CJC»jh*14T. 

[0 0 4 3] ^±© c tp|c. *3EMt*»Sfls|?ij-f 5 

*H«©-rnj6»i»ji:snsci»ciniiLT. u— y-y-r 

H3&*»-rs»* -> U a >S«^ t>m# 'J-f 5 HEIR 

*«©«i{ce«L. »*«t<»is-r*ct*tai*i© 

[0 0 4 4] 

mmmi) ijgMi«)itya-;n;onT. muz 
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El^V}il7at^^V}Si7b$^Lfc->Un>SSl7± 



? \z & i © \t.hti m 1 6 $• j&firr -s . 

[0 0 4 5] ->'Jn>S«i7t3}gfigLfc«^V}Sl7aC 
0. 1 (mm)g®7t>'T-rA'^6a^^iE-r-5«i;5 

— h^-f^-H 20****3 

>S«17<£rJn.^b, 220( < C)Tl#fifl, 20^7A©?i?r«T 
{Kff*£fTofc„ -?-©&{;:» -E-C9?^aSr5{0SD, ^ 
#X TT340 fC) £ T-mm L , It/vfz U 7 P * ff 5 - £ 

[0 0 4 6] ^fc. H2 (b)fcjS-riSfc*lr»T. £© 
7fc*^##21£, Sffi<i:LT<7)->U3>a«175:«Jt-r 
£ffi&#£LT©0. 25(mm)JP©^§g©iJ — A22 
t. ^7^y^^>h23^LT«#L, 150fC)T- 
2^WOWfl;ft*Jfi-r*. fLT. H2<c)fcjj*-rig 
KiJ^T. S-^-f K££8«ll©M&tfE|gj|H£ 
'J - 1*7 U-A22©«H&, 25 Um) W^^-T^tCt^, 
#>7V >^fcTtt*-r*. ^(C, 02 (c)~(d)(c 

*17alC, heS6bS«t»V»17bfc:E«Ufc. 
■*LT» 3t7r-fn**6a. 5>*$ry hgB6b&tfpV 

5'JU-h»*aftji!5,f^>yL&. •5-LT. ft** 
*BH**-r«CtKJ:r3TH3&#:26*«fl:S-&T. »f 

[0 0 4 7] H2(d)-(e)C^tIilc*u T , ^ 
7r-fA*»6a)©mo3«8^ffl»K:, @^@^#:27 

s*u m->V3~>®m<p<D#^ H*nfcfe-r*fc«>© 

[0 0 4 8] Jfcfe. 03, H4fcjSTJ:3fi:. teH(0 

«r»T3t 7 r -r a* 6 tc&a-r -5 «t 5 »C 

««rLt>t3. 3t 7 r-f/t 6 *«aAP 4 ©PgWBF^itiijd 
fcEB"r*«fc3K:, B5i^©7t : Ev ; ^-;^^28^^gy 
l. 2l:t-vht5. ^©&. 0 3( 04Ictk-TJ:5 



fcBf m*. a . ±* 4 a «t 0 & 3 mm^f^EOAy^fiirS) 
*T, «Wrntf, + +1^*7, 8©±igk7a.8aJ; 
0 '> b±*t 0 fcgf («*«. ±mt a «fc 0 & 3 un^ttgg* 

StfffKg^-f -Sdirti. J*#l»*©tt«¥S>J\S < u 
^vfr— ;>©E0**/h3<jQi**©T. «F*bl>. 

[0 0 4 9] £©£#. BfJi£©J;?{c, 3t^ES?a.-;HB 
-#28* 'J-H7 U-A22WUT; $Il'i:#S2fC 

&£l©*S7fife&£ffl2©K£-+ife,fc!j*£< LT. 

W©^oaAP4©±#4aU, tf-flj©&ffl 2 ©±* 
ffitft*. U-h'7U-A22©n«£:&S2© 

[0 0 5 0] jfcfc. &W1tm±m4£.4tMl, 2<D* 
Wf.'rJ 7, 8ft£tzfflE+Ztf'( FSfilStifcftl: 
&S!£#**£JK3tL;fc«. £ffl±<*S150rC)©ttfi 
« I: SAL» 3^M©ftih«14©AllR«{b*%ffi-r«. 

1. 2«kr)*OffiLfc'b©3S«. B5C*Ufc*ti;a- 
;i^»#29T»*. C©i*, 0 5t^-TJ;^fc. itittt 
14©— l/T, i*£^ffii®3 (mm) ©^r-fA^fflg&i 
4a«»»iSSnTl>*. fUT, K*^E^i-;i,a#29* 
6'J-K7U-A22©^fi»»««»bTa*e©>J- 

[0 0 5 1] (£JBH2) 0 6, H7«#ffibT. HJfi 
«2©3t^Ei?3.-;i/^^T«Wr-6. %ttM2». ± 

s(ct, %^j=L~)i^,mz^m.Ltzmz. 03, 4 

K/fC"r«k3C, Ml, 2K*7r-fA6*ffiAP4© 
0«OSIff*tK«-r*«fcLT* ; Ei?i-;|,ffl«28 
*H^l/, -€-©«fc:. ffiAP4«±:»3W±^14<i:LT©x 
^^->»flg$r» M2©aAP4©±S4 a< }:0'>LT 
W-otzm. »3 (mm) ©H^&g^TftA-r-S. *L 
T. W*^e7-^rt4:»jti*l4©#-f K*HJ*-r5&Ji) 

40 K*a!^#sRffiR5tb, ^s±^*i5orc)©tiia« 

fC&AU 3^ra*HtT^Jt«:l4S:®fb-r-5. 
[0 0 5 2] Jfct:, ^1, 2©&AP4J;9. X^T. 
H^13t»J*-r*fc:i&©«««HKfttt^ij3->ttfg 

aAP 4 ©±t 4 a iI-l:a;5iT^l;aAL 
fc. fUT. *ffl^fr*150fC)©fia*t»AL. 2 

T, 5ttS?i-^S#30©'J-K7U-A22©iffl»fJ«» 
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KMLtz. 

[0 0 5 3] & *&ffiWT'\t. 05, 7iZ^-tJzo 
(Cv 7 5"f A^tfjgfMaRtfX^T. bV13GD^-}££^n 

ftlB*:14cD2|s:#£:|!g— M. gp^, y 7 -f A'^ttigEUaa* 
&14CD®7^6^D[H^Tt>£^&JBMfcTt>^T&-5; D 
13tt»lh#:14*<*:ck £ 

[0054] mmm 3 ) 3 ». 2 teg 

@5Tr-5. ^-<Z>&. SAP4 <i;DftlBfcl4<i:LT(DX;tf 
*->8fJ|g£. i+tk'f-f 7, 8CD±jg:7a, 8a 
L±^ofeHlfcD^3 (nun) <DS§^diL©&MSTaAT 
5. fit, *^b*5Vrt£f«fit#14©#-1' F£Bfc*-T 

[0 0 5 5] X.\Z. MOttAP4 i!)l77 hvl3£ 

^-r^fc*cD^^®<t;tt-> ij n—ymnz&Ao a 

0)±B4 aiTWMcaAl/fc. 150 
CC) ©ffiiBlfK&AL 3 B#r^©]tra«i^fTt^ JJjfcffH 
7r-f A^ttJg&Ua&tfx^T. hvi3^|B!P#{c^bL 

*#30£^9tBLfc. ^-©^ U-K«;gl5GOl2J»T/i£^ 
Stf&T 0 ft If JnXSrfif o T0 6 I'^T^ 3 
Vi-;i-32£f£S?Lfc. CICD.t'SC, ^3 3Ug{RJ©^ 

s^-Mi, «fla:8j&<*»« 2 res 

[0 0 5 6] ^©HM«3J4^e.llig^J7*T«, ftteS 

(Hm^j 4 ) ^mm 4 (^ j; # msey 5 , %^ 6 j 

[0 0 5 7] 0 8 (aHc^f «fc?K, HBKKttfcE* 
^A33 a £^E£g34 tSrWL T ^-5^Sffi33 1. LX©S 

#u-f s kih^s«±(c, 0 8 (b) t*nec*v» 



(9) 

>H©lni*ft«fk*fft>fc. £©7t^i-;H$tJ9tt. 

0 2K^L£^^-.>UglM*©S>rexg( a~dXg 
(CiiliT, 'J-H7U-A22, ^<7^^^^>h-23R 

# u~ if-y-r k 1 91? tee^n 1 1 1 &i£m-r2><& v 

is >J =i >gfc l Wftm^O U-lf-^-i K 1 9 7 
7-f A6(D3t7r-f A*^6at^, B5£#26T-*>oT 

'o £3. ->'Jn>SSl7©i3^^11<!:mS«33(D 

v^-;U»#35£#fc. 

[0 0 5 8] ^tr, 0 8 (cjn^rxetcis^T, U- 

tf — ^-f * — h* 1 9 £ 3te 7 y << A 6 CD RSj CQ^ifg^gB # £ . 

m&m\\£mm&u£&r,-i ^24©#>t^ >ygp# 

H*^A33atCfflSnjt^a«^ilc. jggwt 
»lh^«hSr**afcS^i*lh#:27a t tTW^^fktt 
->UZI — >«fj|g£, H*yA33alC«koTlfi#Jh«)6n 

20 v'Jn-^Jjg^©^ h*£R££-T -5 it* 05*^^5: 
n^tz'mz, 150CC)T2P#^©iDl^S!YkbT, £ht# 
tLTCOSH^ih#:27$:-#:e<J^^figLfeo IP "6, 08 
3 &, A-y^-v'ftbfc^^^i— JU36£f£gf 

[0059] 5 ) mmrn 5 «, n^j a tmm 
otitis £^L£& co -ess. njjg^jscD^v'j.— 

;HC"3l»T, 0 9fC*r^5|||ig^JCO^ ; Ev 5 ^-;KDia 
30 f£l@£#fl8LT!&9!f 3„ 0fc*3liT, 0 9 (a), 
(b)l:*TlgH Hig««J4<D08 (a), (b)CD^4>X 

[0 0 6 0] 0 9 (c) lC^TXg»:*5^T. Tttv^i- 
9 © U— tf-^-f h* 19i3t7 r -f A* 6 <Dm<D 
Ttlg^^tC. il^@«#:27tLT©^^^t:ttv-U 
^-^JJg^r^.y^^O^taA^) U ^->'J=i-> 

SW@^#:27^150(t:) T2B#r B lCDSnl^ig'fkLT. 

ZWil<D$i±#fflft£. iEi^Bllt«ga^34i:^'7'f -V 
24CO#>^^ >^gg^i. H*yA33 a (CHStlfc^S 

H^^ASSatCtoTS^itfe^tl-Si^CLT. 
#^x-f >^(ttA^*) Lfc„ fit, H5:^5feT 

z>rz®<Dn3tssLm.&ft itz&\z, 150 co t 3 nmv>m 

mmtLX. &2<DH±to;£LT<Dm±m4$:-frmz 

so [0061] (gejgfisj 6 ) mmm 6 «. nmm 5 ©7^^ 
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3.-;m5©«t*9. «#u-r5 KE»a«sffl 

a, 41b, 41c; 41di^*; £«44©X;1/— Jft— ;USB43fcf;r 

[0 0 6 2] ^UT, *€f©iefc*HT, 7 P U>h* 
«40±»C. ^JS^J5(D3ie ; &> 5 j.— @SSB41a, 4 
lb, 41c, 41d^^tTHSLT, ^^i-;U38(D««i 

asset o«nfc*«»ttfe*u, *»tj. aA^tCcto 

CO 0 6 3] *tt«7«. *3BWk:«fc*3t 

Bl3tt, *5^fc±*fl5 7£tt«©3frE5?:i 
t»T. ^^y^JB©^-;;;!.— ;P58S«fFr*Ig 
*bfc#^S?a.-;|,«*toa^ig©-{Blg( a~e 



-JM»»10fcffl*U Bl3(b)CftHT. SfcfrES^a. 
^>M0Stf)^LT, 150 (t)T 2 R^rojnSfc® 
57±C»ftfl©i|i«fl:SB52, 53, 54£j§«LT&-&Y' 

MUhUVf-JV > h*«51±©««/Xy K56©M£ 

^'7'1'ir24^ffl^T^>xY>yt.fc. " 
>o [0 0 64]^Lt. Hl3(c)C^tl§l:*HT, 
Tt^^n.— ;l/gWlO£, &7-f1'24©#>5 ; -<'>:7 , gB# 
t5:15i5l:LT, itlfc#l4<hLT©X;}^->8JJ3g£ 
*5»^ >^bfco ■*•©«. itjfc«l4£l50CC)T3l$ 

3.-;P58^f^iSiLfc„ *3S««7Ttt. Jt&WffiiW©*: 
*fc**57*^LT3fc*^#S©;ttJ&a«fT*>na©T» 

[0 0 6 5] »±©,k5&*&tfett©3frE3;;L-.n<T& 

-i n<nm<Dytm&&ftizfrfrzmj3tf'bz < &-3©t-. 

f$.Mm(D&W?tl mi£&XUt££) ©5fi^*»EH!$n. 
*-5Ac*tc^ ; tya.-;i,coWjStt*tgnT^s. wk, 

<, /tv$r-j>©ED«*«/.hS<&0. «A,*;tf-;ng 

[0 0 6 6] ±te^«^^Lfe^*^. ai ic^-r. 

30 [0 0 6 7] 
[*1] 

















mm 




(dB) 


^0.05 


_S0.05 


^0.05 


^0.05 


^0.05 






rc/wi 


- 9Q 


90 


90 


_ 35 


30 





[0 0 6 8] Si (Ci5^T. S^SS^U 1 ~ 5 , 7T0i!@ 
t>, KtlitKDgmm. 05dBWTT^f3, *^^(C«t^>^ 

[0 0 6 9] 



40 



SO 



3t«#tt©«« ttt«fttt©|^± tj^p^KiH 6n*3tt 
[0 0 7 0] **WtJ:*3t^S?a.-;UT*n 

3tt^3.-;^©«fflKBBt>*aT*Si^5a*3&«» 
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[mwommtiwiw] 

[03] mscD^^^-jumi^^miziiy i-ut^ 

[0 4] SScO^tvi-^W^^J^-tr-y Mfct 

wsa^is^^-r0Tfe«„ 

[0 5] *ffiWk:«kSS(Si*IS«0!)3i|e*3;3.— 

[06] *^9^lCJ:^S2|||®tfiJRI>'^3||^J©7 , e^ 

[0 7] *%mz&zm2nffiM%.vwi3nffim<Dft : E 

[0 8] *^^lc«k^m4H^j©^i?n.-;i,$rS!f^ 
[0 9] ^awfcjzajus^itwo^^i-^sjiMP 

[010] *%W\Z£.Z>m6m:M&l(Dyt : E> > =l-)V*tk 
T0T&5. 

[011] 010 tC^Ufc^^^i-JKOyj > 
[012] 01 OtC^LfcTfc^i-^CDm&g&frSrP 
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m\z^vtc.m±mx'$>^>o 

[013] *38WCJ:*IB7^1g«03tt^3;i-;i,SH 

[014] 14 Vv h»J8*ittWr*HT**. 

1, 4-ftAP. 4a-±«t. 5 a, b. c. d-& 

Kit. 6b-S?Vdry 7, 8-*^k*7^; 9, 1 

0, 28-3t ; Evi-;i/gB«; 11---BE^«. 13 - : x^X h 
io v, l4-t*jfc#, 15-U-H* 
fi. 16 : "tt^li, 17—>U3>**R, 17a-»V»V 

17b-«H»ViB, 19-U— y-^-f 20-7 
*h^:*-h\ 21-3t*7-*fl\ 22-U-H7U— 
A, 23-^-f7^y5 i ^>H, 24-&«7-f -V, 26-BJt 
27-a^HS*. 27a-»9i»jtff. 29, 30, 35- 
Jt^E^a-JPaiflc, 31. 32, 36, 3i-yt=f:i?3.—)V, 33 
-««*. 33a-=*^A, 34-ffiEtt, 40-7 r »J>h 
41a, 41b, 41c, 41d-B*ffi, 42-*«ffl. 43- 
*;ir-*— 44, 57-»«. 45-;/'J>hS«JE^ 
20 i-/a-;k 46, 47, 56-«ffiA-y H. 48-#U-fSK 
H. 50-fiA,/r\ 51-v;U^yiJ>h««, 52, 53, 54 
55-'J-F«B. 58-v;^^->y^ 
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